The fact that Parsimony may fail is not new. However, here we proved that no mater of what topology the true 9-taxon and greater species tree is the only thing you need to fail Parsimony is to have in this tree three consecutive edges with lengths T1, T2, T3 of some proportions. Obviously, the probability to meet these lengths is growing in general with the size of species tree. Therefore, Parsimony can be applied only when one knows for sure that the described lengths cannot be met in the tree.
I. INTRODUCTION
We have considered a tree T of 5 species a, b, c, d and e with some parameters T 1 , T 2 , T 3 -time in coalescence units between the branching points (see an example in fig. 1 ).
From the Coalescent model [Ros02] , [SS03] , [Wak08] , [Bau92] and the program COAL [WD11] , we have obtained the probabilities of all 15 possible unrooted gene trees for 5 genes A, B, C, D, E, such that A is discovered in species a, B is discovered in the species b and so on.
There are also 15 different unrooted species trees or 105 rooted ones. In each species tree, one can fit any of 15 different gene trees. However, the amount of mutations needed for this will differ generally from one gene tree to another. So, for each gene tree from these 15 and each species tree from the same 15 one can correspond some nonnegative integer number of mutations. These can be written in a 15 × 15 matrix M, where rows correspond to species trees and columns correspond to gene trees.
If one knows the frequencies of different gene trees P = (p 1 , ..., p 15 ) T , then the mathematical expectation of the number of mutations for each of 15 possible species trees can be calculated by multiplying the matrix M by the vector-column P.
One can assume that the most probable species tree for the given sample of gene trees (or 15 gene trees with assigned probabilities) corresponds to the minimal expectation of mutations. This is the idea of Parsimony method [AR09] , its application to the problem of inferring species trees from gene trees is called Matrix Representation with Parsimony (MRP) [WD11] .
Here is the main question: Does the species tree with the minimal expectation from M * P, where P is the vector of probabilities (obtained, for example, from the Coalescent method ([DS05]) with given T 1 , T 2 , T 3 for the tree T) present the unrooted version of the original rooted tree T?
Note that we compare rooted tree with unrooted tree. It is because the Coalescent method works with rooted trees while parsi-mony gives only unrooted ones.
It appeared in our work that on the sample of gene trees obtained from a caterpillar species tree with some parameters T 1 , T 2 , T 3 by coalescence, the parsimony method gives an incorrect species tree. 
II. NUMERICAL EXPERIMENTS. PERFORMANCE OF UNROOTED MRP FOR 5-TAXON SPECIES TREE
IINFERENCE.
Any 5 genes can be joined in one unrooted tree in 15 ways as given in the following list:
Each unrooted tree may be transformed into a rooted tree by introducing a root to an edge. As a result, we have 7 rooted versions for each unrooted tree.
Step 1. Compute parsimony scores by Fitch-Hartigan [Har73] (Table 1) .
Thus, if N = (N 1 , N 2 , ..., N 15 ) is the vector of counts of 15 topological trees in the input. P is the matrix of entries in Table  1 and S = (pars(σ 1 ), pars(σ 2 ), ..., pars(σ 15 )) then S = P N.
Step 4. We now pick the smallest entry or entries in S to determine the most parsimonious tree(s).
To study the 5-taxon case further we need to use Coalescent Theory.
The coalescent model, introduced by Kingman in [Kin82] , describes the coalescence of lineages as we move backwards in time within a single species (Note that in biology the understanding of the word 'species' may vary. Here we use this word in the same meaning as 'population'). By "gluing" together such species or populations to form a tree, one gets the Multi-species Coalescent Model, which describes the production of gene trees within species trees. Definition 1. Let g ij (u) denote the probability that i lineages (genes) at time u = 0 have coalesced to exactly j lineages at time u under the coalescent model.
General formulas for the g ij (u) were derived in [Tav84] :
where
with a (0) = 1 (the partial permutation); and
Some of these formulas for small indexes are g 11 (T) = 1,
We will consider 3 rooted species tree 
III. AN EXPERIMENT WITH CATERPILLAR
Using the program COAL [DS05] to get probabilities of rooted gene trees and the formulas for g ij , we calculate the probabilities p i = p(τ i |Σ 1 ) for i = 1, 15, which are listed in Table 2 (X := e −T 1 , Y := e −T 2 , Z := e −T 3 ,) after simplification in Maple 15. 
Then we multiply the matrix M from Table  1 by the vector p := (p 1 , p 2 , · · · , p 15 ), obtaining the vector s cat , where each entry is the expected parsimony score of a possible output tree for MRP (see (1)). 
Since X, Y and X, Y have upper limit 1, γ cat − δ cat < 0.
Thus, γ cat < ǫ cat . Consider
However, the 3D-graphs on Figures 3 show that the expressions η cat and γ cat can not be put in one order for all X, Y, Z ∈ (0, 1).
There is a large region were γ cat < η cat but, nevertheless, there is also a region where η cat < γ cat . The last defines the parameters T 1 , T 2 , T 3 where MRP will fail to recover the tree topology of the true species tree producing the gene tree distribution, even when given an arbitrary large sample of gene trees. 
IV. AN EXPERIMENT WITH PSEUDO -CATERPILLAR
Let's denote α pc := s 
Observe that
Thus, β pc > ζ pc . Similarly,
This implies that if the true species tree is 5-taxon pseudo-caterpillar, MRP, for a sufficiently large data set, will give with probability 1 the unrooted species tree topology for all T 1 , T 2 , T 2 ∈ (0, 1).
V. AN EXPERIMENT WITH PSUEDO-BALANCED
The last tree we need to consider (since all other are just permutations of taxon names) is the pseudo-balanced species tree Σ 3 = (((a, b) : (Table 4) . 
Again, multiplying the matrix M by the vector
, gives the vector of expected parsimony scores of possible output trees (3) with a pseudo-balanced species tree Σ 3 as input. 
Proof. Since X ∈ (0, 1), we immediately have that the difference α pb
Consider
Finally, observe that
So, if the true species tree is 5-taxon pseudo-balanced Σ 3 , MRP, for a sufficiently large data set, will give with probability 1 the correct unrooted species tree topology for all T 1 , T 2 , T 2 ∈ (0, 1).
VI. Generalization of results.
i. Caterpillar Subtree. Proposition 7 allows to continue the sequence of the revolution numbers for the caterpillar measures 3, 4, 5, 6, 7, ... as r k = 3, 5, 9, 17, 33, ..., respectively. For trees with number of taxa in [r k , 2r k − 1], the caterpillar measure is k.
ii. Trees with the number of taxa greater than 5. 1 p i , to be a new mathematical expectation for the new big tree. So, the minimum among the first 15 rows must be achieved in the same index.
Therefore, being wrong for 5-taxon caterpillar species tree the parsimony becomes wrong for the constructed treeĜ as well. 
VII. CONCLUSIONS
The fact that Parsimony may fail is not new. However, here we proved that no mater of what topology the true 9-taxon and greater species tree is the only thing you need to fail Parsimony is to have in this tree three consecutive edges with lengths T1, T2, T3 of some proportions. Obviously, the probability to meet these lengths is growing in general with the size of species tree. Therefore, Parsimony can be applied only when one knows for sure that the described lengths cannot be met in the tree.
